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8.1 Introduction 
Nuclear physics has been a very productive field in the last decade. The quantity of Radioactive Ion 
Beam (RIB) facilities has increased as has the number of experiments and institutes involved. One of 
the main consequences is that the beam optics requirements of the experiments are more and more 
stringent. In particular, new experiments propose better beams with higher intensity and smaller 
transverse emittances, or bunched beams with small longitudinal emittance (energy spread and bunch 
width). Furthermore, each experiment aims for different optical property conditions to ensure 
optimum results.  
At ISOL facilities, new devices have been developed to improve the beam optics parameters of 
the RIB facilities: the beam preparation or manipulation. At ISOLDE [1], the apparatus that has 
performed best for this task around the world, the Radio Frequency Quadrupole Cooler and Buncher 
(RFQCB) [2–4] was installed in the ISOLDE beam line to improve and maximize the efficiency of the 
optical properties of the beam. 
As discussed in the last section of this chapter, such beams will greatly enhance the selectivity 
of collinear spectroscopy, as exemplified in JYFL [3][5]. Bunched beams will also simplify the 
injection of ISOLDE beams to various devices, such as ECR and EBIS. In fact, use of an RFQCB can 
be seen as an alternative injector to REX-EBIS, eventually replacing REXTRAP. Cooled beams will 
in general improve ion transport through the complex beam line system of ISOLDE. A clear gain is 
foreseen with experiments that require beam transport through a set of beam defining collimators. An 
example of such an experiment is the low-temperature nuclear orientation apparatus NICOLE.  
8.2 The ISCOOL project 
The ISolde COOLer (ISCOOL) project is concerned with the introduction of a new general-purpose 
RFQCB at the ISOLDE beam line that will serve most of the users and experiments [6]. The main aim 
of the project is to adapt the optical properties of ISOLDE RIBs to experimental requirements, at the 
same time pushing forward the evolution of research at the facility. Unlike present RFQCBs which are 
devoted to single experiments, the variety of experiments and beams to be dealt with by ISCOOL are a 
technical challenge and advance in the beam preparation field. Although based on experience from 
operation of present devices, ISCOOL aims to improve the technical systems by applying robust and 
CERN-compatible tools. A complete description of ISCOOL is given in Ref. [7]. 
8.2.1 Location and layout of the beam line 
As shown in Fig. 8.1, once installed on-line at ISOLDE, ISCOOL will be placed in the beam line 
section just downstream from the High Resolution Separator (HRS): from the final focus of the 
separator up to the merging switchyard that joins the General-Purpose Separator (GPS) and HRS 
beams [1]. The final location was chosen by taking into account the space constraints of the building 
that make it impossible to install the RFQCB anywhere else while improving both GPS and HRS 
beams. 
A new beam line [8] was designed to replace the existing one (see Fig. 8.2) which is made of 
two quadrupole triplets in the centre. The present project will remove the present beam line and 
replace it with the RFQCB and two new quadrupole triplets, one upstream and another downstream of 
the RFQCB. The first quadrupole will focus the beam into the cooler and the second one will focus the 
beam into the merging switchyard. In addition, the RFQCB has been designed as a removable device. 
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This will allow its replacement by a straight beam line section, thereby enabling ISOLDE to deliver 
RIBs to the experiments without ISCOOL. Figure 8.2 shows the diagram of the new beam line with 
the cooler. The new beam line is located between the two vacuum valves (new vacuum section). 
Figure 8.3 shows the beam line in cases where ISCOOL has to be removed, e.g., physics with light ion 
beams. In that case the cooler is replaced by a straight beam pipe and the turbopump at the injection 
side is kept in the beam line and pumps down the vacuum section. 
  
Fig. 8.1: Location at ISOLDE: placement of ISCOOL in the layout of the ISOLDE hall (left 
view), layout of the present beam line (centre view) and picture of the present appearance of the 
beam line (right view). 
 
Fig. 8.2: Diagram of the new beam line 
 


























































Figure 8.4 illustrates a 3D design of the beam line. A high-voltage safety wall encloses the area 
to prevent access to the high-voltage area. Furthermore, the wall has to permit access to the area for 
maintenance or repair of the systems. The trailer/support (Fig. 8.2) represents the part of the beam line 
that is removed and placed in another location for modification or for temporary storage. 
 
Fig. 8.4: 3D layout of the new beam line 
8.2.2 Performance of ISCOOL 
The main goal of ISCOOL is to cool the beam coming from the HRS. The beam at that point can have 
a wide range of optical properties. Therefore, once it is out of the HRS, the ion beam can have very 
low optical properties, and losses occur along the way from the HRS to the users. ISCOOL has been 
designed to accept the large transverse emittances provided in some cases by the ion sources, e.g., 
around 40π mm·mrad at 60 keV for plasma ion sources. ISCOOL will significantly reduce losses due 
to transport along the beam lines to the experiment thanks to a decrease of the transverse emittance to 
values around 1π mm·mrad at 60 keV.  
Apart from ion cooling, ISCOOL also bunches the RIB. For a bunched beam either the energy 
spread or the bunch width can be optimized by selection of the correct operational parameters in the 
extraction phase (see Table 8.1).  
Table 8.1: Main specifications of the RFQCB 
Mass range  10–300 u 
Operating beam energy <60 keV 
Acceptance < 40 π mm·mrad 
90% Transverse emittance (60 keV) <3 π mm·mrad 
Bunch width < 10 μs 
Energy spread <1 eV 
Maximum space charge density ~107 ion/cm3 
Cooling time 1 ms – 10 s 
Quadrupole length 800 mm 
Quadrupole radius 20 mm 
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8.2.3 Modifications of ISOLDE operation  
8.2.3.1 New time structure of the HRS 
The implementation of the RFQCB after the HRS will give ISOLDE a new time structure. The 
extraction optics of the RFQCB will become the new starting point for ISOLDE beam optics. The 
reason is that the optics of the beam released by ISCOOL, mainly the transverse emittance, does not 
depend on the type of beam entering the cooler. Moreover, the capacity of ISCOOL to convert the 
quasi-continuous ISOLDE beam [1] into a bunched beam links the timing of the system to that of the 
HRS front-end. The new timing at ISOLDE will look much as presented in Fig. 8.5. 
 
Fig. 8.5: New time structure for ISOLDE HRS 
ISOLDE HV corresponds to the signal sent to the high-voltage power supply of the HRS front-
end platform. As explained in Ref. [1], the voltage drops just 35 μs before the impact from the Proton 
Synchrotron Booster (PSB) and returns to its initial value (normally 60 kV) 5 ms afterwards. Once the 
beam is produced at the ion source and accelerated to the corresponding energy, the RIB that is 
transported to the users can be selected by using the BEAM GATE signal. With the BEAM GATE it is 
possible to choose the best moment to capture the RIB and to kick-start the beam at any time. In 
Fig. 8.5, high values of the signal BEAM GATE indicate the time when the device is opened and the 
beam is transported. The BEAM GATE signal transforms the ISOLDE beam into a quasi-continuous 
beam with bunches of 100 ms width every 1.2 s. 
The new capabilities provided by ISCOOL are based on signals sent to the axial electrodes 
whose main function is to trap, bunch, and extract the beam. The signal RFQ END PLATE 
corresponds to the potential of the last axial electrode of the trap and determines the time that the 
beam is collected in the trap. Once the potential of the last electrode is decreased, the bunch of ions 
accumulated is expelled and accelerated by the extraction optics up to the desired beam energy. The 
potential of the last axial electrode is decreased for a period which ensures that the bunch is 
completely released.   At the same time, ions that have not been trapped are prevented from exiting the 
trap, thereby avoiding an increase of the time width of the bunch. 
If the time spread of the bunch needs decreasing, one of the axial electrodes placed in the last 
part of the trap structure can be used to ‘kick out’ the beam (signal RFQ SEGMENT 21). The signal 
RFQ SEGMENT 21 shows the behaviour. When the potential of the end plate is switched off, the 
potential of one of the last segments can be increased, provoking a reduction of the time spread of the 
bunch but also an increase in the energy spread. This happens because the ions that are farthest from 
the exit hole, when the voltage of the end plate is switched down, will have more kinetic energy as a 
result of the increase in the potential of one of the last segments. 
On the other hand, some changes in the present beam gates will have to be made. On account of 
constraints in the length of the beam line, the user’s beam gate placed in the ISOLDE beam line has to 
be removed. Hence only one beam will be left just before the HRS magnets. 
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8.2.3.2 Removal of the users beam gate 
Nowadays, there are two beam gates at ISOLDE to stop the beam: one before the mass separators and 
controlled by the operators and another after the mass separators which can be controlled by the users. 
The beam section where ISCOOL will be installed (see Fig. 8.1) contains the users beam gate. The 
function of this device is that the user can block out whenever the RIB is released from the separator 
to the experiment. Because of the installation of ISCOOL and the length constraints, this device had to 
be removed. Nevertheless the users will still be able to control the beam in the same way as before, 
although the device controlled will be the beam gate before the mass separators (the only one 
remaining). 
8.3 Technical design of ISCOOL 
8.3.1 Optics system 
The main goal of the ISCOOL project is to improve the optics of the ISOLDE beam line. The device 
is considered a new starting point for the optics of ISOLDE, so a lot of care has to be taken in the 
design of the optical parts. In the following section there is a general description of the deceleration 
(injection), cooling and bunching, and acceleration (extraction) parts. 
8.3.1.1 Injection into the RFQCB 
The injection of the ion beam into the RFQCB is a crucial point of the device. It is important to avoid 
losses caused by ions hitting the electrodes or too energetic ions colliding with the buffer gas. The 
ISOLDE beam is normally transported at 60 keV and because the injection energy into the quadrupole 
has to be around 100 eV, a deceleration system is required. The system chosen (Fig. 8.6) is one that 
uses two injection electrodes that, combined with the injection plate of the quadrupole cavity, ensure 
an efficient injection of all the ISOLDE beams. To test the geometry some simulations in SIMION 
were done by T. Eronen. The simulations showed that, using the following voltages: 54 kV for the 
first electrode and 55 kV for the second electrode, the beam could be fully injected into the RFQCB 
without losses. The voltage of the injection plate of the quadrupole cavity allows control of the 
injection energy of the ions into the RFQCB. Setting the injection plate voltage to 59.9 kV, the 
injection energy of the ions into the gas will be 100 eV (design value). 
 
Fig. 8.6: Layout of the injection optics for ISCOOL 
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8.3.1.2 Beam cooling process 
The reduction of the emittance due to the cooling process inside the RFQCB depends only on the 
temperature of the buffer gas and not on the kind of beam that is being cooled. Therefore, one can say 
that the beam is ‘losing its memory’ in the cooler and that the extraction of the beam from ISCOOL 
becomes the new starting point of the optics at ISOLDE-HRS. 
 
Fig. 8.7: Transverse emittance for two ion beams in thermal equilibrium with the buffer gas. The 
right-hand figure shows a beam with longitudinal velocity component (from Ref. [9]). 
Figure 8.7 shows the action diagram (x,vx) simulated with SIMION [10] for two ion beams in 
equilibrium with the buffer gas that is already cooled. The right-hand figure corresponds to a beam in 
equilibrium with the buffer gas but with a longitudinal velocity component due to an axial electric 
field applied along the axis of the quadrupole. The left-hand figure is for an ion beam without an axial 
electric field applied. 
During the cooling process, it is important to confine the ions in the axis of the quadrupole 
while they are colliding with the buffer gas. The confinement is done by the RF quadrupole electric 
field created by the quadrupolar rods. The RF field applied to the rods is controlled by an RF amplifier 
which can vary the amplitude and the frequency of the RF electric field. The goal is to assure the 
pseudopotential well in the transverse plane and the stability of the transverse ion motion. This means 








where Q is the charge of the ion, RFV  is the RF amplitude (0 to peak), m the mass of the ion, 0r  the 
characteristic radius of the quadrupole defined as half of the distance between opposite rods, and RFΩ  
the RF angular frequency. For different types of RIBs, q will change according to variations in the 
mass of the ions. Therefore, modifications either in RFV  or RFΩ  have to be done in order to keep the 
ion beam motion stable inside the trap. As shown in Table 8.1, the range of operation masses for 
ISCOOL is from 10 u to 300 u. Table 8.2 shows the operational values for the RF amplifier. 
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Frequency f represents the frequency of RF field ( )RF 2 .fπΩ =  D is the so-called pseudopotential 
well depth, expressed in [V] by: 
 RF
4
qVD = . (8.2) 







  q D 
[V] 
10 0.80 130 0.50 16.13 
20 0.60 147.5 0.50 18.46 
50 0.42 180 0.50 22.44 
100 0.30 185 0.50 23.23 
120 0.28 192.5 0.50 24.07 
140 0.26 192.5 0.50 23.92 
160 0.24 190 0.50 23.93 
180 0.22 180 0.50 22.72 
200 0.21 180 0.50 22.44 
220 0.21 200 0.50 25.19 
240 0.20 195 0.50 24.20 
250 0.20 200 0.49 24.44 
 
Figure 8.8 shows the optimized frequency and amplitude of the RF that should be applied to the 























Fig. 8.8: Plot of the optimized frequency and voltage amplitude of RF for different ion masses 
Figure 8.9 shows the stop cooling distance dependent on the buffer gas pressure and the entry 
energy of the ions inside the trap. Using this distance it is possible to calculate the length of the 
quadrupole. 
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Fig. 8.9: Cooling distance of ions inside the RFQCB (from Ref. [9]). E is the entry energy of the 
ions in the buffer gas, m the ion beam mass and M the buffer gas ion mass. 
8.3.1.3 Bunching and extraction to the ISOLDE beam line 
Once the beam has been cooled inside the RFQCB, it has to be bunched (when desired) and 
accelerated again to 60 keV to be transported to the experiments. As in the case of the injection 
system, the extraction is made of two electrodes, but their geometry is completely different from that 
of the injection electrodes, see Fig. 8.10. 
 
Fig. 8.10: Layout of the extraction optics for ISCOOL 
The beam extraction system was optimized using the SIMION code for different ions. An 
example of the extraction of a bunch of 100 cesium ions is shown in Fig. 8.11. The 90% transverse 
emittance at 60 keV is reduced in both phase spaces to about 1 π mm · mrad and the bunch width is 




Fig. 8.11: Simulations with SIMION of transverse phase spaces (top), beam size (bottom left) and 
time of flight (bottom right) of cesium ions. The ellipse encloses 90% of the ions. 
The bunch process is done before the acceleration using the last axial electrodes of the structure. 
For an experiment that needs a small time spread (e.g., a collinear laser spectroscopy experiment) the 
bunch can be extracted using the push-and-pull procedure (see Fig. 8.12). It consists in simultaneously 
increasing the voltage of one of the last axial electrodes of the RFQCB and decreasing the voltage of 
the extraction plate. With this procedure, time spread is reduced but energy spread is increased. If the 
energy spread needs to be optimized, then a normal extraction procedure—lowering the extraction 
plate voltage—is used. 
 
Fig. 8.12: Ion extraction procedures from an RFQCB: smooth extraction (left) and push–pull 
extraction (right) 
8.3.2 Mechanical system 
The main features of the mechanical design are 
– Separation of the electrodes creating the axial electric field (axial electrodes) and the electrodes 
creating the quadrupole RF electric field (RF electrodes). 
– Great flexibility to optimize the axial electric field in a first test phase and during normal 
operation. 
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– Easy to set up, modify, repair, and remove. 
– Bake-out optimized. 
Figure 8.13 shows the design of the inner structure of the RFQCB [11]. In the figure, half of the 
quadrupole is shown. The axial electrodes are separated by ceramic insulators. The right part of the 
figure is the injection side of the cooler. It can be seen that the first and last electrodes are more 
segmented since it is necessary to have better control of the field in these regions. The structure is 
made of stacked, variable-depth electrodes separated by electric isolators. The entire package is 
supported and stiffened by the quadrupole rods and enclosed by the injection and the extraction plates. 
 
Fig. 8.13: Section of the mechanical structure of the RFQCB (left) and transverse cut of the 
assembly (right) 
In Fig. 8.14 axial electrodes of different lengths are shown. Longer ones are placed in the centre 
of the quadrupole where the gradient of the potential is smaller. In the injection region(s) and above all 
in the extraction regions, shorter electrodes are used to enable very precise modification of the shape 
of the potential depending on the users’ requirements. 
 
Fig. 8.14: Geometry and picture of the axial electrodes with different lengths 
IVAN PODADERA ALISEDA
66
All the electrodes (axial and quadrupole rods) are made of stainless steel and electrically 
isolated by ceramic spacers made of alumina (Al2O3). Differential potentials of around 1 kV can be 
supplied. The electrical connections to the electrodes are made with very small plugs that can be 
connected and disconnected easily.  
Two more electrodes in each side, the so-called injection and extraction electrodes are 
supported by an electrical insulator of the main vacuum chamber. The distances between these 
electrodes are fixed, but some metallic spacers can be added to vary the distance by a few millimetres. 
In addition, ground electrodes on the injection and extraction sides can be moved a few millimetres to 
optimize the optics. 
ISCOOL is placed above a trailer that allows easy removal from the beam line. To make 
changes, the cover of the main chamber can be lifted by a crane, but a lot of care has to be taken to 
assure that all the injection and extraction electrodes have been removed beforehand. 
8.3.3 Vacuum system 
The RFQCB works continuously with a flow of buffer gas entering the quadrupole chamber. The 
pressure inside the chamber, around 0.1 mbar for helium, has to be down to 10–7 mbar at the ISOLDE 
beam line. The transition is made through a differential pumping system of three turbo molecular 
pumps (see Fig. 8.15). The first one pumps the main chamber, while the other two pump the injection 
and extraction parts, respectively.  Differential pumping between the three sections is achieved by the 
use of small holes for the injection and extraction plates of the quadrupole cavity. In the first step, the 
pressure is decreased from the pressure in the quadrupole cavity, around 0.1 mbar, to the pressure in 
the main chamber, around 10–3 mbar. The second step is by the holes of the last injection electrode and 
the first extraction electrode. The pressure is decreased from 10–2 mbar, up to around 10–5 mbar either 
in the extraction or injection regions. Finally, the last step to obtain the 10–7 mbar standard at the 
ISOLDE beam line is carried out by the ground injection and extraction electrodes. The turbo 
molecular pumps used are: a 1650 l/s in the main chamber (TP1), and two 1100 l/s, one for the 
injection (TP2) and one for the extraction side (TP3). When the RFQCB is removed from the beam 
line and just a straight beam line is placed, only the injection pump remains in place.  The whole beam 
line is closed by two main valves on both sides making a new vacuum section. 
 
Fig. 8.15: Schematic layout of the vacuum system of the RFQCB (only the main components are 
represented) 
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8.3.3.1 Buffer gas 
To cool the ion beam, the inner chamber is filled with a buffer gas. The gas chosen must have a high 
chemical stability and a very low mass (only beams with ions of mass higher than the buffer gas mass 
can be cooled). Helium fulfils both requirements and looks the best choice. To minimize the losses 
due to impurities inside the trap [3], helium of maximum purity will be used with a percentage of 
helium 99.9999% (He grade 6.0). Furthermore, a purification system will be added to decrease the 
impurities to a level below 10 ppb. The gas flow will be regulated to control the gas pressure inside 
the chamber. The gas bottle will be placed on a high-voltage platform to avoid problems with gas flow 
along high-voltage insulators. The gas will enter the main chamber through one of the flanges of the 
top cover using a gas feedthrough and is electrically insulated before entering the RFQCB chamber. 
The gas throughput of ISCOOL was estimated to be around 2–3 mbar·l/s as a function of the 
diameter of the holes at the injection and extraction plates. The operation time of ISCOOL can be 
calculated either in a more conservative (and probably realistic) way with the complete running period 
of ISOLDE (around 30 weeks), or only with the running period of the HRS that is half of the total time 
(15 weeks). Therefore, the estimated running time of ISCOOL varies from 210 days to 105 days of 
operation per year. For big bottles of helium (50 l and 200 bar), the duration of the gas will vary from 
40 days (6 weeks) for a big throughput (3 mbar·l/s) to 65 days (10 weeks) for a low throughput 
(2 mbar·l/s). 
8.3.4 Electronics system 
ISCOOL is a high-voltage device that has to operate at the same voltage as the HRS front-end. The 
electronics providing the high voltage are placed at ground level in a separate rack.  This gives the HV 
to ISCOOL and to an isolated platform supporting the rack with all the DC and RF electronics for 
ISCOOL and the gas bottle. The 220 V for the electronics at the HV platform are supplied through an 
isolation transformer of the same type as used in the ISOLDE front-ends to ensure replacement in case 
of problems. 
8.3.4.1 DC electronics 
Thanks to the use of the axial electrodes, the electronics to apply the voltage to the electrodes of the 
RFQCB can be separated: the axial electrodes receive the DC component and the quadrupole rods the 
RF component. The DC component has to be applied to all the axial electrodes. The number of 
electrodes can be varied but the starting point is 25. Voltage to the electrodes is supplied by standard 
ISOLDE DC power supplies modified for 1 kV (DC24-D3500) with an accuracy higher than 0.1%. 
The last axial electrodes require a fast variation of the voltage to release the bunch inside the trap. To 
assure a good stabilization of the voltage in such a short period (~10–8 s) [2], the voltage for the 
electrodes is  provided by two different power supplies and a fast switch controlling which power 
supply provides the voltage to the electrode. In addition, the voltage of the two injection electrodes 
(with voltages around 50–60 kV) are provided by two standard power supplies. The voltage of the first 
one is provided by a FUG HCN 7E-20000 NEG (20 kV), and the second one by a FUG HCN 7E-
12500 NEG (12.5 kV). In the extraction process two other power supplies are used for the extraction 
electrodes. One ISOLDE standard DC24-D3500 modified for 1 kV, and another FUG HCN 7E-
20000 NEG, for the second extraction electrode. In all the cases the voltages applied are negative as 
the power supplies are placed in a high-voltage platform at 60 kV. 
8.3.4.2 RF amplifier 
An RF electric field must be applied to the quadrupole rods in order to obtain the alternative 
quadrupole field that confines the beam. Here the magnitudes (frequency and amplitude) of the 
electric field are very low and no commercial amplifiers for that purpose are available on the market. 
The magnitudes required for the ISCOOL RF amplifier can be observed in Table 8.2. In Table 8.3 the 
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frequency and amplitude ranges coming from the magnitudes required are specified. A push–pull 
oscillator has been developed by Klaus Rudolph and supplies the RF field to the electrodes. The 
system allows the independent setting of the amplitude and frequency of the RF. 
Table 8.3: Magnitudes of the RF amplifier for ISCOOL 
Frequency  range  100 kHz – 1.5 MHz 
Amplitude range (0-to-peak) 100–250 V 
8.3.4.3 High voltage 
The whole of RFQCB works on a high-voltage platform that has to be linked to the extraction voltage 
of the HRS front-end. Usually the energy of the RIBs at ISOLDE is 60 keV but the voltage can vary 
depending on different front-end conditions, e.g., vacuum problems can limit the operation voltage to 
lower voltages. The high voltage is supplied by a power supply FUG HCN 140–6500. Two situations 
can switch off the high-voltage power supply automatically. A problem in the vacuum system (e.g., 
pressure too high in the beam line or breakdown of some of the pumps) would open a microswitch. An 
entry into the ground cage or the electronics cage would open the corresponding microswitch. 
8.3.5 Integration in the ISOLDE control system 
ISCOOL is fully integrated into the ISOLDE control system, which means it can be controlled and 
optimized from the ISOLDE control room. The parameters that serve to optimize the optics and the 
cooling and bunching processes can be varied on-line. Moreover, the vacuum system is integrated as 
another vacuum section of ISOLDE. To sum up, the main points to be controlled on-line and modified 
are 
– Control of the HV (scaling all the voltages automatically in consequence). 
– Control of the parameters of ISCOOL. In two different ways: a first one visible to the user, 
where, by modifying the mass required and the bunch extraction parameters, the beam is 
automatically extracted; another way that allows a change to more low-level parameters such as 
the frequency and the amplitude of the RF field, or the voltages of all the electrodes creating the 
DC field. 
An easy and rapid integration of ISCOOL into the ISOLDE control system is assured thanks to 
the use of standard components (PLCs), most already being used at ISOLDE. A more complete 
description of the present ISOLDE control system can be found in Ref. [12]. 
8.4 Polarized beams from a gas-filled RFQ trap 
Establishing a nuclear polarization or alignment with laser light can be simple and is a well-
understood process. When a laser of know polarization is tuned to an atomic transition frequency, the 
atom is resonantly excited and absorbs the polarized angular momentum carried by the laser photon. 
The hyperfine interaction allows the absorbed angular momentum to be shared between the nuclear 
and atomic spins. After the atom decays, there is a net increase in the nuclear polarization. If the decay 
returns the atom to its original level, the cycle be repeated and, for certain optical pumping schemes, 
nuclear polarizations close to 100% can be achieved. 
Polarized ions can be produced in this way inside an ion source but the polarization is difficult 
to preserve because of the nuclear or atomic spin precessions that occur in the magnetic fields of the 
mass separator. It is far better to induce the polarization after mass-separation since there are only 
electrostatic elements in the subsequent delivery line. This is exactly how the beta-NMR experiments 
on COLLAPS have worked for selected systems, applying optical pumping in the collinear-beam 
geometry. 
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A more general approach is offered by the new ISCOOL. The ions may be trapped for some 
hundreds of milliseconds in a small volume near the trap exit, diffusing in the low-pressure helium 
buffer gas. This is an ideal environment for producing laser-induced nuclear polarizations. Nuclear 
spin relaxation rates of some atomic species in noble gases are extremely slow—hours rather than 
seconds. A laser beam, aligned along the axis of the cooler can illuminate the entire ensemble of 
trapped ions with an interaction time that is three or four orders of magnitude longer than is possible in 
the collinear-beam geometry. High polarizations could be achieved with modest laser powers. 
There are a limited number of elements that could be laser-polarized using a single laser colour 
on a transition from the ionic ground state. The optimum scheme for a particular element may require 
pumping on a transition from a metastable state. In such cases, several laser frequencies would be 
required. Overlapping such beams in the trapping region is straightforward.  
Initial studies of optical pumping in an ion cooler have been carried out at the IGISOL facility, 
Jyväskylä [13]. In this case the laser light was provided by pulsed titanium-sapphire lasers with 
frequency-doubling. The interest here was to transfer the ion population to particular metastable states 
required for an experiment downstream of the cooler. In these cases the large pumping effects 
saturated at modest laser powers (30 mW). Continuous-wave lasers would be equally effective. 
ISOLDE offers a broad range of lasers suitable for this application, whether it is the high-repetition-
rate RILIS lasers or CW lasers owned by experimental groups. 
8.5 Status of the project 
At present, the complete ISCOOL assembly is being tested in a dedicated setup [14] constructed in the 
off-line laboratory, see Fig. 8.16. The mechanical components were assembled and aligned without 
problems, see Fig. 8.17. The electronics and control systems have been successfully integrated. First 
tests of the vacuum, high-voltage and low-voltage supplies are positive and tests with a surface-ion 
source are in progress. 
 




Fig. 8.17: Picture of the ISCOOL assembly 
9 Acknowledgements 
I would like to acknowledge my supervisors, Ari Jokinen and Mats Lindroos for all the support they 
have given me in all parts of the project. I also thank the ISOLDE target, technical and physics group 
for the nice work environment and all the support given during the development of the project. In 
particular, I would like to mention Jacques Pier-Amory and Nicolas Chritin who have made the 
mechanical design possible. I would like to thank Ludwig Maximilans University, Munich for support 
in the mechanical area and for the electronics manufacturing. In addition, I would like to thank 
CSNSM, particularly Dave Lunney and Jean-François Kepinski, for help in the construction of the test 
bench and manufacture of ISCOOL. I also acknowledge the support of the University of Mainz in the 
manufacturing phase. The project would not have been feasible without the manpower and grant 
support from the Department of Nuclear Physics of the University of Manchester, their support was 
essential. Finally, I would like to thank Pierre Delahaye, Ermanno Barbero, Tuomas Tallinen and 
Ernesto Mané for finishing the assembly and the off-line setup. 
References 
[1] E. Kugler, The ISOLDE facility, Hyperfine Interact. 129 (2000) 23–42. 
[2] D. Rodriguez, An RFQ for accumulation and cooling of heavy radionuclides at SHIPTRAP and 
high precision mass measurements on unstable Kr isotopes at ISOLTRAP, PhD Thesis, 
Universidad de Valencia, Spain (2003). 
[3] A. Nieminen, Manipulation of low-energy radioactive ion beams with an RFQ cooler; 
application to collinear laser spectroscopy, PhD Thesis, University of Jyväskylä, Finland 
(2002). 
[4] F. Herfurth, A new ion beam cooler and buncher for ISOLTRAP and mass measurements of 
radioactive argon isotopes, PhD Thesis, Rupertus Carola University of Heidelberg, Germany 
(2001). 
[5] J. Billowes, Laser spectroscopy of radioisotopes and isomers, Nucl. Phys. A 682 (2001) 206c–
213c. 
[6] A. Jokinen et al., RFQ-cooler for low-energy radioactive ions at ISOLDE, Nucl. Instrum. 
Methods B 204 (2003) 86–89. 
ISCOOL PROJECT: COOLING AND BUNCHING RIBS FOR ISOLDE
71
[7] I. Podadera Aliseda, New developments on preparation of cooled and bunched Radioactive Ion 
Beams at ISOL facilities: the ISCOOL project and the rotating wall cooling, PhD Thesis, 
Universitat Politècnica de Catalunya, Spain (2006). 
[8] I. Podadera, RFQ cooler and buncher (and beam line associated), CERN-AB-NOTE-2004-062, 
Geneva, Switzerland. 
[9] M. Petersson, A Monte Carlo method for the simulation of buffer gas cooling inside a radio 
frequency quadrupole, Masters Thesis, Linköping University, IFM (2002).  
[10] D.A. Dahl, SIMION for the personal computer in reflection, Int. J. Mass Spectrom. 200 (2000) 
3. 
[11] I. Podadera et al., Design of a second generation RFQ Ion cooler and buncher (RFQCB) for 
ISOLDE, Nucl. Phys. A 746 (2004) 647–650.  
[12] O. C. Jonsson, F. Locci, G. Mornacchi, ISOLDE Front-end study, CERN-I2k-Note-11(Spec.). 
[13] A. Nieminen et al., On-line ion cooling and bunching for collinear laser spectroscopy, Phys. 
Rev. Lett. 88 (2002) 094801. 
[14] I. Podadera et al., Preparation of cooled and bunched beams at ISOLDE, Eur. Phys. J. A 25 
Suppl. 1 (2005) 743–744. 
IVAN PODADERA ALISEDA
72
